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ABSTRACT 



This project focused on encouraging instructors at large 
universities to take advantage of the curricular materials and computer tools 
developed for two related programs funded originally by FIPSE. In particular, 
it involved reworking and integrating materials developed for the previously 
funded Workshop Physics and Tools for Scientific Thinking projects so they 
could be used more flexibly in large university settings. Both the Workshop 
Physics Activity Guide and the Tools for Scientific Thinking laboratory 
materials with instructor guides were revised and enhanced. Prototype 
interactive lecture demonstration materials were developed and tested, new 
conceptual examinations were developed for project evaluation, and the 
microcomputer-based laboratory software and hardware offerings were extended 
and enhanced. MBL and spreadsheet software tools were developed to allow 
students to undertake more sophisticated data analysis and do mathematical 
modeling. These new materials were tested, and student learning gains were 
assessed at a number of institutions. The project directors did extensive 
dissemination through public talks, teacher workshops, and on-site 
consultation. Appendixes include: "A New Mechanics Case Study” (P. Laws); 

"Using Large-Scale Classroom Research To Study Student Conceptual Learning in 
Mechanics and To Develop New Approaches to Learning" (R. Thornton) ; a Vernier 
Software brochure; "Engaging Students with Interactive, Microcomputer-Based 
Demonstrations" (R. Thornton and D. Sokoloff) ; Tools for Scientific Thinking 
question sheets; a list of talks given; and additional grants information. 
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Project Summary 

This project involved reworking and integrating materials developed for the previously 
funded Workshop Physics and Tools for Scientific Thinking projects so they could be used more 
flexibly in large university settings. Both the Workshop Physics Activity Guide and the Tools 
for Scientific Thinking laboratory materials with instructor guides were revised and 
enhanced. Prototype interactive lecture demonstration materials were developed and tested, new 
conceptual examinations were developed for project evaluation, and the microcomputer-based 
laboratory software and hardware offerings were extended and enhanced. MBL and 
spreadsheet software tools were developed to allow students to undertake more sophisticated data 
analysis and do mathematical modeling. These new materials were tested, and student 
learning gains were assessed at a number of institutions. The project directors did extensive 
dissemination through public talks, teacher workshops, and on-site consultation. 



Priscilla W. Laws 

Department of Physics and Astronomy 
P.O. Box 1773 
Dickinson College 

Carlisle, PA 17013 Tel: (717) 245-1242 



Ronald K. Thornton 
Tufts University 

Center for Science and Mathematics Teaching 

Science Technology Building 

Medford, MA 02155 Tel: (617) 381-3244 



The following project products are available from Vernier Software Co., 2920 S.W. 89th Street , 
Portland, OR 97225 Tel:(503) 297-5317 

The Workshop Physics II Activity Guides (Calculus-Based and Non-Calculus-Based) 

The Tools for Scientific Thinking Curricular Guide 
Universal Lab Interface and Software Developer's Guide 

Voltage Measurement Leads/Radiation Detector/Force Probe/Motion Sensor/Photogates/ 
Light Sensor/Microphone 

MBL 4.0 Series Software for Macintosh and MS DOS Computers: MacMotion /Data 
Logger/Sound and Temperature 

MBL 4.0 Series Software for the Macintosh:Event Timer/Event Counter 

The following project software and hardware products are available in beta version from 
Dickinson College and Tufts University: 

MS Excel Custom Tools (for use with Windows and Macintosh)-Dickinson 
Video Analysis Tools and Movie Set (for the analysis of motion)-Dickinson 
MBL Rotary Motion software and sensor-Tufts 
MBL Two Force Probe Data Logger software-Tufts 

The following curricular materials , articles and reports have resulted from the project: 

"Achieving Global Scientific Literacy," The 1993 Yearbook from the Charles A. Dana Awards 
for Pioneering Achievements in Health and Education, November, 1993. Author: P. Laws. 

"Tools for Scientific Thinking," The 1993 Yearbook from the Charles A. Dana Awards for 
Pioneering Achievements in Health and Education, November, 1993. Author: R. Thornton. 

"Workshop Physics: Reflections on Six Years of Laboratory Based Introductory Physics 

Teaching," Proceedings of the American Association of Physics Teachers Conference: Lab 
Focus *93, August 1993. Author: P. Laws. 
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"RealTime Physics: Active Learning in the Introductory Laboratory," Proceedings of the 
American Association of Physics Teachers Conference: Lab Focus '93, pp. 98-101, 1993. Author: 
D. Sokoloff. 

"Changing the Physics Teaching Laboratory: Using Technology and New Approaches to 
Learning to Create an Experiential Environment for Learning Physics Concepts," 
Proceedings of the American Association of Physics Teachers Conference: Lab Focus '93, pp. 
86-89, 1993. Author: R. Thornton. 



"Black Boxes and Automatic Data Collection: Exploring the Intelligent Use of Technology in 
the Teaching Laboratory," Proceedings of the American Association of Physics Teachers 
Conference: Lab Focus '93, pp. 82-85, 1993. Author: R. Thornton. 

"A New Order for Mechanics," Proceedings of the Rensselaer Polytechnic Institute Conference 
on Introductory Physics Courses, May 1993. (In Press) Author: P. Laws. 

"Microcomputer-based Labs and Interactive Demonstrations," Proceedings of the Rensselaer 
Polytechnic Institute Conference on Introductory Physics Courses, May 1993. (In Press) 
Author: R. Thornton. 

"Using Large-Scale Classroom Research to Study Student Conceptual Learning in Mechanics 
and to Develop New Approaches to Learning." (To be published in Proceedings of the NATO 
Advanced Research Workshop-Microcomputer-Based Labs, Amsterdam, Nov. 9-13, 1992.) 
Author: R. Thornton. 

"A New Mechanics Case Study: Using Collisions to Learn about Newton's Third Law,” 

Proceedings of the NATO Advanced Research Workshop on Microcomputer-Based 
Laboratories, Amsterdam, Nov. 9-13, 1992, (In Press with Springer-Verlag) Author: P. Laws. 

"RealTime Physics: Mechanics," preliminary version. Vernier Software, September, 1993, 
Portland, OR. Authors: P. Laws/R. Thornton/D. Sokoloff. 

"Engaging Students with Microcomputer-Based Laboratories and Interactive Lecture 
Demonstrations," Proceedings of the National Science Foundation Workshop on the Role of 
Faculty hum the Scientific Disciplines in the Undergraduate Education of Future Science and 
Mathematics Teachers, pp. 38-48, (August, 1993). Author: D. Sokoloff. 

"Tools for Scientific Thinking— Heat and Temperature Curriculum and Teachers' Guide," 
Vernier Software, 1993, Portland, OR. Authors: D. Sokoloff and R. Thornton. 

"Teaching Electric Circuit Concepts Using Microcomputer-Based Current and Voltage 
Probes." (To be published in Proceedings of the NATO Advanced Research Workshop- 
Microcomputer-Based Labs, Amsterdam, Nov. 9-13, 1992.) Author: D. Sokoloff. 

Changing the Physics Teaching Laboratory: Using Technology and New Approaches to 

Learning to Create an Experiential Environment for Learning Physics Concepts, Proceedings 
of the Europhysics Study Conference, The Role of Experiment in Physics Education, Seta Oblak, 
Nada Razpet, ed. (Ljubljana, Slovenia, pp. 12-31, 1993) 

"Tools for Scientific Thinking-Motion and Force Curriculum and Teachers' Guide," Second 
ed., Vernier Software, 1992, Portland, OR. Authors: D. SokoloffTR. Thornton. 
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"Motion and Force: Student Activities (a guided discovery MBL curriculum) and Teachers 
Curriculum Guide" Vernier Software, Portland, OR 1992. Authors: R. Thomton/D. Sokoloff. 

"Enhancing and Evaluating Students' Learning of Motion Concepts." Chapter in Physics and 
Learning Environments, A. Tiberghien and H. Mandl, eds. (Berlin-Heidelberg-New York, 
Springer Verlag, NATO ASI Series F: Computer & Systems Sciences, 86, pp 265-283. Series, 
1992). Author: R. Thornton. 

"Constructing Student Knowledge in Science" (with Robert Tinker). Chapter in New 
Directions in Educational Technology, E. Scanlon and T. O’Shea, eds. (Berlin-Heidelberg- 
New York, Springer Verlag, NATO ASI Series F: Advanced Educational Technology, 96, pp 
153-171. Series, 1992). Author: R. Thornton. 

"Calculus-Based Physics Without Lectures," Physics Today, Vol. 44, No. 12, December 1991. 
Author: P. Laws. 

Using the Microcomputer-Based Laboratory to Improve Student Conceptual Understanding in 
Physics (In English). Turkish Journal of Physics 15 (2), pp 316-335 (1991), Turkey. 

"Heat and Temperature: Student Activities" (a guided discovery MBL curriculum), Vernier 
Software, Portland, OR 1991. Authors: R. Thomton/D. Sokoloff. 

Using the Microcomputer-Based Laboratory to Improve Student Conceptual Understanding in 
Physics (In Italian). La Fisica nella Scuola (1990), Italy, Anno XXIII 2, pp 81-92. 
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Executive Summary 



Project Title : Interactive Physics 

Grantee Organization: Department of Physics and Astronomy 

Dickinson College 
Carlisle, PA 17013 

Project Contacts: Priscilla W. Laws at (717) 245-1242 

Ronald K. Thornton at (617) 627-3658 



A. Project Overview 

This project focused on encouraging instructors at large universities to take advantage of the 
curricular materials and computer tools developed for two related programs funded originally 
by FIPSE. In particular, this project involved reworking and integrating materials developed 
for the previously funded Workshop Physics and Tools for Scientific Thinking projects so they 
could be used more flexibly in large university settings. Both the Workshop Physics Activity 
Guide and the Tools for Scientific Thinking laboratory materials with instructor guides were 
revised and enhanced. Prototype interactive lecture demonstration materials were developed 
and tested, new conceptual examinations were developed for project evaluation, and the 
microcomputer-based laboratory software and hardware offerings were extended and 
enhanced. MBL and spreadsheet software tools were developed to allow students to undertake 
more sophisticated data analysis and do mathematical modeling. These new materials were 
tested, and student learning gains were assessed at a number of institutions. The project 
directors did extensive dissemination through public talks, teacher workshops, and on-site 
consultation. 

B. Purpose 

The purpose of the project was to find ways to encourage Physics Departments at larger 
universities to engage in serious efforts to change the manner in which they teach introductory 
physics. We wanted the courses to be more interactive and to take better advantage of the new 
teaching methods and pedagogical materials developed for the FIPSE-funded Workshop Physics 
and Tools for Scientific Thinking programs. Since the Workshop Physics approach was 
developed at a small liberal arts college with a high faculty to student ratio and excellent 
resources, the abandonment of lectures that it required was hard to realize at larger institutions 
with high student enrollments. Although the laboratory materials created in the Tools for 
Scientific Thinking program gained widespread use in university laboratories, the lecture and 
recitation sessions were still being taught in the same way. We felt that by taking the special 
problems of larger institutions into consideration, we could revise the curricular materials and 
computer tools so that they could be used in university physics programs. 

C. Background and Origins 

This interactive program grows out of the previous development of two highly related approaches 
to the teaching of Introductory Physics-the Workshop Physics project at Dickinson College* and 



^The Workshop Physics Project began officially in October 1986 with a three-year FIPSE grant at 
Dickinson College. It is described more fully in a pending paper by Priscilla Laws entitled 
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the Tools for Scientific Thinking project at Tufts University^, both funded by FIPSE (Oct. 1986- 
Sept. 1989). These programs addressed major problems affecting the teaching and learning of 
introductory physics students - the failure to deal effectively with students' profound 
misconceptions about physical phenomena and the absence of contemporary tools for the 
construction and communication of scientific knowledge. The educational approach in both of 
these projects is interactive and learner-centered. Both programs share the use of inquiry 
methods of instruction and the use of the microcomputer as an active tool for learning, and both 
share a common educational philosophy: that the acquisition of scientific literacy as defined by 
Arnold Arons^ is more important than engagement with the traditional textbook problem 
solving that currently dominates introductory physics. At the completion of the funding period 
for each program there were still many challenges ahead. Refinement of materials and 
evaluation methods were still ongoing and questions were being raised as to how to best 
convince colleagues at larger institutions to adopt the new approaches. 

D, Project Description 

In year one the Interactive Physics project began with dialog and visits by instructors to large 
universities seeking ways to expand the number of interactive laboratory experiences available 
to students and to integrate activities developed in the two programs into the lecture and 
recitation portions of introductory physics courses. Formal collaboration was initiated with 
colleagues at the University of Oregon and Boise State University. In addition, informal 
collaboration took place with faculty members at dozens of institutions, including Ohio State 
University, Rutgers at New Brunswick, University of Nebraska. Meetings were held with 
project collaborators during the 1989, 1990, and 1991 winter meetings of the American 
Association of Physics Teachers and at Dickinson College during the corresponding summers. 

We began to appreciate first hand the difficulties that large departments have in implementing 
effective changes in classroom practices. We saw that our existing curricular materials and 
computer tools needed refinement and enhancement. We also realized that we needed to expand 
our efforts in several other areas: (1) to expand our program of classroom testing and evaluation 
both to inform the refinement of the materials and to convince our skeptical colleagues of the 
viability of our approach; (2) to develop ways to integrate the experiences students have in 
lectures with their experiences in the new interactive laboratories; and (3) to continue an active 



"Workshop Physics-Replacing Lectures with Real Experience", Proceedings of the Conference 
on Computers in Physics Instruction (Addison Wesley, Reading MA, 1989). 

^The "Tools for Thinking" project under the direction of Ronald Thornton of Tufts University has been 
funded by the FIPSE program to create MBL tools and curricula that will allow introductory physics 
students to understand physical concepts, seldom learned in standard courses, through hands-on 
activities in laboratories. The project has done major testing and revision of materials at eight colleges 
and universities. Some project results are summarized in two recent papers and a book chapter by Ronald 
Thornton: (1) "Tools for Scientific Thinking-Microcomputer Based Laboratories for Physics Teaching", 
Physics Education Vol. 22 (1978), (2) "Tools for Scientific Thinking: Learning Physics Concepts with 
Real-Time Laboratory Measurement Tools", Proceedings of the Conference on Computers in Physics 
Instruction (Addison Wesley, Reading MA, 1989), (3)Constructing Student Knowledge in Science (with 
Robert Tinker). Chapter in New Directions in Educational Technology , E. Scanlon and T. O'Shea, eds. 
(Springer Verlag, Nato Science Series, in press). The second paper is reproduced in Appendix I of this 
proposal. 

3 A. Arons, "Achieving Wider Scientific Literacy", Daedalus , Spring 1983 




- 6 - 






7 



12/01/93 



Final Report on FIPSE Interactive Physics Project (Oct 1989-Aug 1993) 

Based on Workshop Physics (Dickinson College) and Tools for Scientific Thinking (Tufts University) 

program of reaching colleagues at larger institutions through conference talks, departmental 
colloquia, hands-on workshops, and publications. 

By securing additional grants from the National Science Foundation for curriculum 
development and in-depth faculty workshops, we were able to add David Sokoloff of the 
University of Oregon as a full partner in the development, testing, and dissemination of 
curricular materials. He and Ron Thornton worked on the development and testing of prototype 
interactive lecture demonstration materials. In addition, all three of us are working on a new 
set of interactive laboratory materials called RealTime Physics which are intended to provide 
larger universities with sets of interactive lab activities centered on a single field of physics 
(i.e. mechanics, circuits, thermodynamics, etc.) that can span a whole quarter or semester of 
time. Although this project is funded by the NSF ILI program, the idea for the project was 
catalyzed by the FIPSE Interactive Physics project. 

Obviously by combining funding from FIPSE and the National Science Foundation, we have 
been able to accomplish much more that we originally expected. In fact, our grants and program 
goals were so highly related that it became impossible in many cases to say definitively that a 
given source of funds could be credited for a given outcome. 



E . Project Results 

Project outcomes include: (1) adaptation of our materials and teaching methods for a growing 
number of university environments; (2) demonstration of improvements in conceptual 
learning at universities and other types of institutions; (3) revision and extension of written and 
computer-based curricular materials for commercial distribution to colleagues at other colleges 
and universities; (4) continuation of a sequence of teacher workshops at professional meetings 
and in other settings on how to organize and teach introductory physics interactively using 
integrated computer tools and; (5) provision of information and support to hundreds of 
colleagues at other institutions who are interested in modifying their introductory teaching; (6) 
publication of numerous articles and reports on the project; (7) delivery by P. Laws, R. Thornton, 
and D. Sokoloff (of the University of Oregon) of over 100 talks at professional meetings and 
physics colloquia; (8) receipt of several additional national awards for curricular innovation 
during the time period covered by this grant; and (9) receipt of additional grants from NSF, the 
U.S. Department of Education, IBM, and Apple Computer to continue with the development and 
dissemination of the program. 



F. Summary and Conclusions 

This Interactive Physics grant from FIPSE has allowed individuals at three different 
institutions to significantly promote the adaptation of microcomputer-based interactive teaching 
methods to university environments. Even more significantly it has served to establish the 
Workshop Physics, Tools for Scientific Thinking, and the new RealTime Physics programs as 
ongoing enterprises which promise to continue making significant contributions to reforming 
of introductory physics teaching for years to come. 
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REPORT NARRATIVE 



A. Project Overview 

This project focused on encouraging instructors at large universities to take 
advantage of the curricular materials and computer tools developed for two 
related programs funded originally by FIPSE. In particular, this project 
involved reworking and integrating materials developed for the previously 
funded Workshop Physics and Tools for Scientific Thinking projects so they 
could be used more flexibly in large university settings. Both the Workshop 
Physics Activity Guide and the Tools for Scientific Thinking laboratory 
materials with instructor guides were revised and enhanced. Prototype 
interactive lecture demonstration materials were developed and tested, new 
conceptual examinations were developed for project evaluation, and the 
microcomputer-based laboratory software and hardware offerings were 
extended and enhanced. MBL and spreadsheet software tools were developed to 
allow students to undertake more sophisticated data analysis and do 
mathematical modeling. These new materials were tested, and student 
learning gains were assessed at a number of institutions. The project directors 
did extensive dissemination through public talks, teacher workshops, and on- 
site consultation. 



B. Purpose 

The purpose of the project was to find ways to encourage Physics Departments at 
larger universities to engage in serious efforts to change introductory physics 
teaching. We wanted the courses to be more interactive and to take better 
advantage of the new teaching methods and materials developed for the FIPSE 
funded Workshop Physics and Tools for Scientific Thinking programs. Since 
the Workshop Physics approach was developed at a small liberal arts college 
with a high faculty to student ratio and excellent resources, the abandonment of 
lectures that it required was hard to realize at larger institutions with high 
student enrollments. Although the laboratory materials created in the Tools for 
Scientific Thinking program were gaining widespread use in university 
laboratories, the lecture and recitation sessions were still being taught in the 
same way. We felt that by keeping in mind the special problems of larger 
institutions we could revise curricular materials and computer tools so that they 
could be used in university physics programs. 



C. Background and Origins 

This Interactive program grows out of the previous development of two highly 
related approaches to the teaching of introductory Physics-the Workshop 
Physics project at Dickinson College 4 and the Tools for Scientific Thinking 



4 The Workshop Physics Project began officially in October 1986 with a three-year FIPSE grant at 
Dickinson College. It is described more fully in a pending paper by Priscilla Laws entitled 
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